The intermediate state of HTLV-1 infection, often found in individuals dually infected with Strongyloides stercoralis (S. stercoralis) and HTLV-1, is assumed to be a preleukemic state of adult T-cell leukemia (ATL). To investigate the eects of S. stercoralis superinfection on the natural history of HTLV-1 infection, we characterized peripheral blood samples of these individuals in Okinawa, Japan, an endemic area for both HTLV-1 and S. stercoralis and we studied eects of the parasite antigen on T-cells. The dually infected individuals showed a signi®cantly higher provirus load and an increase in CD4 + 25 + T cell population, with a signi®cant, positive correlation. This increase was attributable to polyclonal expansion of HTLV-1-infected cells, as demonstrated by inverse-long PCR analysis of the integration sites. S. stercoralis antigen activated the IL-2 promoter in reporter gene assays, induced production of IL-2 by PBMC in vitro, and supported growth of IL-2 dependent cell lines immortalized by HTLV-1 infection or the transduction of Tax. Taken collectively, these results indicate that S. stercoralis infection induces polyclonal expansion of HTLV-1-infected cells by activating the IL-2/IL-2R system in dually infected carriers, an event which may be a precipitating factor for ATL and in¯ammatory diseases.
The intermediate state of HTLV-1 infection, often found in individuals dually infected with Strongyloides stercoralis (S. stercoralis) and HTLV-1, is assumed to be a preleukemic state of adult T-cell leukemia (ATL). To investigate the eects of S. stercoralis superinfection on the natural history of HTLV-1 infection, we characterized peripheral blood samples of these individuals in Okinawa, Japan, an endemic area for both HTLV-1 and S. stercoralis and we studied eects of the parasite antigen on T-cells. The dually infected individuals showed a signi®cantly higher provirus load and an increase in CD4 + 25 + T cell population, with a signi®cant, positive correlation. This increase was attributable to polyclonal expansion of HTLV-1-infected cells, as demonstrated by inverse-long PCR analysis of the integration sites. S. stercoralis antigen activated the IL-2 promoter in reporter gene assays, induced production of IL-2 by PBMC in vitro, and supported growth of IL-2 dependent cell lines immortalized by HTLV-1 infection or the transduction of Tax. Taken collectively, these results indicate that S. stercoralis infection induces polyclonal expansion of HTLV-1-infected cells byIntroduction Human T-cell leukemia virus type I (HTLV-1) is a human retrovirus etiologically associated with adult Tcell leukemia (ATL) (Yoshida et al., 1982 (Yoshida et al., , 1984 , and chronic in¯ammatory disorders such as tropical spastic paraparesis/HTLV-1-associated myelopathy (TSP/ HAM) (Gessain et al., 1985; Osame et al., 1986) and HTLV-1 uveitis (HU) (Mochizuki et al., 1992a,b) . The low rate of and a long latent period before development of ATL (Tajima et al., 1986; Murphy et al., 1989; Watanabe, 1997) suggest that multiple steps are required in the leukemogenesis, most of which remain to be characterized. On the other hand, an increased provirus load in the peripheral blood of patients with chronic in¯ammatory diseases such as TSP/HAM and HU has been demonstrated Greenberg et al., 1989; Gessain et al., 1990; Ono et al., 1995) , and this may be a precipitating factor for development of these diseases. In a previous study, we found that the increased provirus load correlated with disease activities of HU (Ono et al., 1998) . It is also known that, even among asymptomatic carriers, about 10% have an increased virus load, at various levels, sometimes up to 100-fold higher levels . The increased number of HTLV-1-infected cells in the peripheral blood was shown to be the result of polyclonal expansion of infected cells (Greenberg et al., 1989; Gessain et al., 1990; Ono et al., 1995) . In the context of ATL, a condition associated with an increased provirus load was clinically considered to be an intermediate state and is often complicated by opportunistic infection, such as strongyloidiasis or mycosis (Yamaguchi et al., 1988) . The intermediate state was also considered to be a preleukemic state because ATL developed among carriers in an intermediate state during follow-up (Patey et al., 1992) . Clinical and laboratory observations suggested a role for the high provirus load in the pathogenesis of in¯ammatory diseases and ATL. However, mechanisms controlling the provirus load remained to be investigated.
Strongyloides stercoralis (S. stercoralis) is the most common human parasitic nematode that can recycle and proliferate within its host. Chronic, usually asymptomatic, gastrointestinal infections are found in most otherwise healthy individuals, however, in immunocompromised hosts or patients on immunosuppressive therapy, extreme multiplication of the parasite occurs with dissemination of larvae in the body (Neva, 1986; Grove, 1996) . Strongyloidiasis is relatively common in tropical and subtropical areas such as the West Indies and in Okinawa, Japan, where HTLV-1 is also endemic (Patey et al., 1992; Satoh et al., 1991) , and it is frequently associated with lymphoid malignancies, including ATL (Yamaguchi et al., 1988; Patey et al., 1992) .
A high prevalence of HTLV-1 infection was found in Strongyloides carriers (Nakada et al., 1984; Fujita et al., 1985) . In dually infected persons, monoclonal proliferation of the HTLV-1-infected cells was detected using Southern blot analysis , whereas it is rare in PBMC of asymptomatic HTLV-1 carriers without S. stercoralis . On the other hand, it was reported that S. stercoralis antigen has mitogenic activity for lymphocytes (Sato and Shiroma, 1989) . These observations suggest that Strongyloides infection may promote clonal proliferation of HTLV-1-infected cells, which is considered to be mediated, at least in part, by the IL-2/IL-2R system upregulated by the viral transactivator Tax, the result being an increased virus load in dually infected carriers. However, little information is available on the levels of virus load or the clonality of the virusinfected cells in this population, and mechanisms of clonal expansion of HTLV-1-infected cells in vivo are not well understood. Consequently, possible modulation of the natural history of HTLV-1 infection by S. stercoralis infection had to be investigated. We analysed the correlation between the HTLV-1 provirus load and lymphocyte subsets, and when we examined the clonality of the HTLV-1-infected cells in PBMC of HTLV-1 carriers, with or without S. stercoralis, we found a signi®cantly elevated provirus load that positively correlated with the population of CD4 + 25 + T cells in dually infected carriers. This higher provirus load results from polyclonal expansion of HTLV-1-infected cells. Strongyloides antigen signi®cantly induced IL-2 production by PBMC and activated the IL-2 promoter and supported IL-2 dependent growth of HTLV-1 or Tax immortalized T cells in vitro. We propose that co-infection with S. stercoralis may contribute to the development of HTLV-1-associated diseases by promoting polyclonal expansion of HTLV-1-infected cells through activation of the IL-2/IL-2R system.
Results

HTLV-1 provirus load in the PBMC
First we compared the provirus load in HTLV-1 carriers, with or without S. stercoralis infection, using real-time PCR. The provirus load is expressed as calculated percentages of HTLV-1-infected cells in the PBMC, based on an assumption that the HTLV-1-infected cells in vivo have one copy per cell of the integrated provirus. The results are plotted on a semilog scale (Figure 1 ). The provirus load in 31 HTLV-1 carriers with S. stercoralis was 15.3% (median) with a range of 69.8%, whereas that in the HTLV-1 carriers without S. stercoralis with a median of 3.91% (range 11.1%). Dierence in the provirus load in these two groups was statistically signi®cant (P50.005, by Mann ± Whitney U-test).
Polyclonal expansion of HTLV-1-infected cells revealed by IL ± PCR
To investigate clonality of the HTLV-1-infected cells, we did an inverse long polymerase chain reaction (IL ± PCR) analysis of PBMC of HTLV-1 carriers as described previously (Etoh et al., 1997) . In this assay, each band in agarose gel electrophoresis of the PCR products represents individual integration site of the HTLV-1 provirus. The results showed multiple fragments, along with a few denser ones, in all samples of dually infected carriers ( Figure 2 , lanes 1 ± 11). In samples of carriers of HTLV-1 alone, the number and intensities of the ampli®ed fragments were less than (Inoue et al., 1986) , it is likely that CD4 + 25 + cells represent HTLV-1-infected T cells. We then examined the correlation between provirus load and populations of the CD4 + 25 + subset in dually infected carriers of HTLV-1 and S. stercoralis (Figure 3 ). There was a signi®cant correlation between these two parameters (rho=+0.726, P=0.0049, Spearman's rank correlation), which suggested that increase in the population of CD4 + 25 + subset corresponds to expansion of HTLV-1-infected T cells, in dually infected carriers.
Activation of IL-2/IL2R system by S. stercoralis antigen and induction of IL-2 production by PBMC Since IL-2 and IL-2R systems plays a pivotal role in antigen driven T cell proliferation (Taniguchi and Minami, 1993) , that of HTLV-1-infected T cells may well be driven by the IL-2/IL-2R system in addition to Figure 2 Inverse long PCR (IL ± PCR) analysis of clonality of HTLV-1 infected cells in PBMC. A photograph of the agarose gel electrophoresis of the IL ± PCR products is shown. Lanes 1 ± 11, samples of dually infected carriers; lanes 12 ± 16, HTLV-1-carriers without S. stercoralis; P, TLOm-1 cell line that has one integrated provirus copy; (7), Jurkat cell line not infected by HTLV-1 antigen. The IL-2 data in each sample was plotted (n=6). HSA was used as a negative control, and stimulation by a combination of PHA and TPA was included as a positive control. Median (range) of IL-2 (pg/ml) of each stimulated sample: (7); 3.00 (1.80), S.s. Ag.; 6.40 (3.60), HSA; 3.25 (2.00), PHA+TPA; 250 5. (7), no stimulation; S.s. Ag., S. stercoralis antigen, 20 mg/ml; HSA, human serum albumin, 20 mg/ml. Signi®cant dierence was observed in day 2 (*P50.01) the Tax-mediated stimulation of proliferation (Mesnard and Devaux, 1999) . To investigate involvement of the IL-2/IL-2R system in increase of the provirus load in dually infected carriers, we studied eects of S. stercoralis antigen on T cells in terms of the activation of promoters of IL-2 and IL-2Ra. For this we used a reporter gene assay with IL-2-CAT and IL-2R-CAT plasmids as reporters ( Figure 4 ). As shown in Figure  4a , exposure of Jurkat cells to the antigen resulted in about 30-fold activation of IL-2 promoter to the basal activity. Cotransfection of Tax expression plasmid showed a ®vefold activation of IL-2 promoter. However, stimulation with the antigen showed little additive eect on the activation of IL-2 promoter by Tax. As for IL-2Ra promoter, addition of the antigen showed no signi®cant activation of IL-2Ra promoter, however, there was a marked synergistic eect on the transactivation by Tax. The Tax-mediated activation was exceeded twofold (Figure 4a , right panel). These results indicate that S. stercoralis antigen can induce IL-2 production by T cells and up-regulate IL-2Ra expression on HTLV-1-infected T cells.
To gain support for this notion, we asked if S. stercoralis antigen could induce production of IL-2 by PBMC. When control PBMC samples were cultured for 2 days in the presence of the antigen, a signi®cant induction of IL-2 production was observed, albeit the levels were low (Figure 4b , P50.01, by Mann ± Whitney U-test).
S. stercoralis antigen stimulates growth of IL-2-dependent T cell lines
HTLV-1-infected T cells express IL-2R and respond well to exogenous IL-2 (Hattori et al., 1981; Uchiyama et al., 1985) . Therefore, induction of IL-2 production by S. stercoralis antigen may result in proliferation of HTLV-1-infected T cells. We next determined if S. stercoralis antigen could support growth of IL-2-dependent T cell lines immortalized by HTLV-1 infection or by introduction of the Tax-expression vector. As shown in Figure 5a , IL-2 withdrawal from the culture media for Tax1-B and Sez cells resulted in a marked decrease in growth rate. Addition of S. stercoralis antigen (20 mg/ml) in the culture almost recovered the growth rate of these cells, whereas that of HSA (20 mg/ml) did not support the growth, as was observed in cells cultured without IL-2. Addition of a neutralizing monoclonal antibody against IL-2 signi®-cantly inhibited growth stimulation by S. stercoralis antigen (Figure 5b , P50.01 by Mann ± Whitney Utest), whereas a control antibody did not. These results indicate that S. stercoralis antigen can stimulate growth of IL-2-dependent T cells infected with HTLV-1 or transduced Tax, most likely through induction of IL-2 production by these cells.
Next we wanted to determine if S. stercoralis antigen could induce production of IL-2 by Tax1-B cells and enhance IL-2Ra expression. As shown in Figure 5c , addition of S. stercoralis antigen did induce production of IL-2 by Tax1-B cells, but it did not enhance expression of IL-2Ra (Figure 5d) . Thus, S. stercoralis antigen can apparently support proliferation of HTLV-1-infected T cells by stimulating IL-2 production.
Discussion
Increase in the provirus load in PBMC has been noted in HTLV-1-infected individuals with in¯ammatory diseases such as TSP/HAM and HU Greenberg et al., 1989; Gessain et al., 1990; Ono et al., 1995) . However, mechanisms leading to increase in the number of HTLV-1-infected cells were not well de®ned. We found a polyclonal expansion of HTLV-1-infected CD4 + T cells which express IL-2Ra in peripheral blood of carriers dually infected with HTLV-1 and S. stercoralis. Involvement of IL-2/IL-2R loop in the proliferation of HTLV-1-infected CD4 + T cells in dually infected people was suggested by our ®nding that S. stercoralis antigen induce IL-2 production and can stimulate growth of HTLV-1-infected or Tax-immortalized T cells that are dependent on IL-2.
A highly signi®cant correlation between HTLV-1 provirus load and CD4 + 25 + cells provides support for the notion that increase in the latter cell population re¯ects that of HTLV-1-infected cells in PBMC of dually infected carriers. This interpretation is consistent with observations that HTLV-1 infects preferentially CD4 + T cells and that HTLV-1 infection results in overexpression of IL-2Ra (CD25) (Hattori et al., 1981; Uchiyama et al., 1985) . Previous studies demonstrated an increased number of CD4 + T cells and CD4/8 ratio, and that of IL-2R-expressing cells in the PBMC of patients with TSP/HAM or HU (Itoyama et al., 1988; Yoshimura et al., 1993) . However, the mechanisms of this altered pro®le of lymphocyte subsets have remained to be clari®ed. Our results provide the evidence supporting the interpretation that this event is the result of proliferation of HTLV-1-infected CD4 + T cells, but not from in vitro propagation of HTLV-1.
A recent report claimed that the high provirus load in the dually infected carriers results from oligoclonal expansion of HTLV-1-infected cells modulated by treatment against strongyloidiasis (Gabet et al., 2000) . The former part of the results is in line with our IL ± PCR results, and the dierence in the number of clones detected appears to depend on the sensitivity of the method. Taken collectively, these results indicate that multiple clones are present in the PBMC, some of which shows expansion that can be selectively detected using a speci®c method. This will explain results of earlier reports that demonstrated monoclonal band by Southern blot analysis, which most likely represented a major clone in the PBMC, although other less expanded clones were not visualized by that method. Furthermore, their result that the level of the provirus load was downregulated by treatment of strongyloidiasis provided support for our notion that clonal expansion results, at least in part, from stimulation by S. stercoralis antigen. Although activation of the IL-2/IL-2R loop may contribute to proliferation of HTLV-1-infected cells in an autocrine and/or paracrine fashion (Maruyama et al., 1987) , there has been little evidence for the expression of IL-2 by HTLV-1-infected T cells in vivo. There are reports of in vitro activation of the IL-2 promoter by HTLV-1 Tax, however, we found a very small magnitude of activation, when compared with many other Tax-responsive genes, such as IL-2Ra and PTHrP (Inoue et al., 1986; Leung and Nabel, 1988; Watanabe et al., 1990 ; and data not shown). These observations are consistent with ®ndings of other researchers (Siekevitz et al., 1987; Cross et al., 1987) . Thus, although the hypothesis that proliferation of HTLV-1-infected cells is mediated by activation of the IL-2/IL-2R loop is attractive, more concrete evidence to support this notion is needed. We found that activation of the IL-2 promoter by S. stercoralis antigen was much more potent than by Tax, and that the antigen induces IL-2 production by PBMC and a Tax-immortalized cell line (Figures 4b and 5c ). Furthermore, the antigen supported proliferation of IL-2-dependent T cell lines in culture media without IL-2 (Figure 5a ), which was neutralized by a monoclonal anti-IL-2 antibody ( Figure  5b ). Therefore, proliferation of HTLV-1-infected T cells that constitutively express IL-2R seems to be stimulated by IL-2 induced by S. stercoralis antigen, in an autocrine and/or paracrine mechanism. We favor the paracrine mechanism because we found no increased level of IL-2 in sera of dually infected carriers (data not shown). The results also indicate that the antigen can directly activate T cells to produce IL-2, since we observed stimulating activity of S. stercoralis antigen in Jurkat cells and Tax expressing T cells. The mechanisms of this activation remain to be clari®ed.
Although an increased provirus load in patients with HTLV-1-associated in¯ammatory diseases has been demonstrated Greenberg et al., 1989; Gessain et al., 1990; Ono et al., 1995) , it remained to be determined whether the increase preceded the onset of the disease or was the result of in¯ammation; there are observations that suggest the former situation. As for patients with TSP/HAM, the increased provirus load does not appear to result from in¯ammation, because 50% of the asymptomatic family members of the patients also showed this increase (Furukawa et al., 1992) . In asymptomatic carriers, various reports, including the present study, demonstrated that about 10% of them have an increased provirus load, such being over a few per cent of the PBMC . In patients with HU, a higher provirus load correlated with disease activities such as levels of in¯ammation of the eye and intervals between recurrence (Ono et al., 1998) , which is also supportive for the causative roles of increased provirus load in the HTLV-1-associated in¯ammatory diseases. In ongoing work we will determine if there is an increased incidence of TSP/HAM and HU in dually infected carriers.
Development of ATL was shown to ®t in with the multistep carcinogenesis model, where accumulation of ®ve genetic changes in HTLV-1-infected cells is assumed (Okamoto et al., 1989) . Polyclonal proliferation and increased numbers of HTLV-1-infected cells would favor genetic changes, the result being accelerated leukemogenesis. This notion is in line with clinical observations that the average age at the onset of ATL in Colombian, Caribbean and African patients is younger than in the Japanese Blank et al., 1993) , and in a younger onset of ATL patients with strongyloidiasis in Martinique (French West India) (Plumelle et al., 1993) . It was also reported that ATL developed after 7 years of observation in an asymptomatic HTLV-1 carrier with strongyloidiasis, who was born in Martinique (Patey et al., 1992) . As for Epstein ± Barr virus (EBV) infection, malaria infection was associated with an increase in the number of EBV-carrying B cells in the circulation, and it is speculated that because of this increase there is a greater chance of a cytogenetic abnormality occurring in such a cell, with the consequent evolution of Burkitt's lymphoma (Lam et al., 1991) . Taken collectively, it seems reasonable to speculate that the infection of S. stercoralis in HTLV-1 carriers can serve as a cofactor for ATL development and leukemogenesis is thus accelerated by increasing the provirus load which paves the way for genetic abnormalities.
In conclusion, strongyloides infection was suggested to in¯uence the natural history of HTLV-1 infection by promoting polyclonal proliferation of HTLV-1-infected cells through activation of the IL-2/IL-2R system and to be a cofactor for developing HTLV-1-associated diseases. This notion can be con®rmed if supporting evidence is forthcoming from longitudinal studies of an increased incidence of ATL, TSP/HAM and HU in the dually infected carriers.
Materials and methods
Subjects
A total of 123 residents (mean age, 63.1 years) of Okinawa, Japan, who received health examinations were included in the present study. The research followed the tenets of the Helsinki Declaration. Written informed consent for the study was obtained from each participant: men numbered 79 (mean age, 63.7 years) and women, 44 (mean age, 62.1 years). Serum HTLV-1 antibody was tested, using a particle agglutination (PA) kit (Serodia-HTLV-1; Fujirebio, Tokyo, Japan) and the indirect immuno¯uorescence method (Hinuma et al., 1981) . Infestation of S. stercoralis was diagnosed using a fecal culture method (Arakaki et al., 1988) and the serological particle agglutination (PA) method (Sato and Ryumon, 1990) .
Real-time quantitative PCR of HTLV-1 provirus
Real-time PCR for quantitation of HTLV-1 provirus copies was as described (Kamihira et al., 2000) . In brief, using LightCycler technology (Wittwer et al., 1997; Kreuzer et al., 1999) , 30 ng genomic DNA was used as a template for ampli®cation. Taq DNA polymerase and TaqStart antibody were used (Clontech Laboratories, Palo Alto, CA, USA) in the LightCycler PCR instrument, then the ampli®ed products were automatically measured using a LightCycler-DNA Master Syber Green I (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. The HTLV-1 primers used in this study were from highly conserved sequences of the tax gene (sense, 5'-CCCACTTCC-CAGCGTTTGGACAGAG-3'; anti-sense, 5'-CGCGTTATC-GGCTCAGCTCTACAG-3'). HTLV-1 provirus DNA cloned into the plasmid served as the control template and the bglobin gene for the internal control. Copy numbers in the samples were estimated by interpolation from the plasmid control regression curve and an internal control of b-globin to correct for sample quality dierences. Copy numbers were expressed as a percentage of the infected cells, on an assumption that the infected cells harbor one copy of the integrated HTLV-1 provirus per cell.
Immunophenotyping
The peripheral blood mononuclear cells (PBMC) were immunophenotyped by double immuno¯uorescence, using a FACScan¯ow cytometer (Becton Dickinson, San Jose, CA, USA) and a panel of¯uorescein isothiocyanate (FITC)-or phycoerythrin (PE)-conjugated monoclonal antibodies. Monoclonal antibodies used are as follows: CD3, CD4, CD8, and CD25 (all from Becton Dickinson). More than 5000 cells were analysed in each sample.
Analysis of clonality of HTLV-1-infected cells by inverse PCR
Inverse-long PCR (IL-PCR) was used to amplify the DNA adjacent to the integration sites of the HTLV-1 provirus, as described (Etoh et al., 1997) . Brie¯y, the EcoRI digested genomic DNA was circularized by T4-DNA ligase and then digested with MluI which digests at the pX region of HTLV-1. The resulting DNA was used as a template for IL-PCR, using the XL PCR kit (Perkin-Elmer, Foster City, CA, USA) and a Robocycler (Stratagene, La Jolla, CA, USA) according to the manufacturer's protocol. Primers used were as follows: primer 1 in the U5 region of LTR (positions 556 ± 589), 5'-TGCCTGAC-CCTGCTTGCTCAACTCTACGTCTTTG-3'; primer 2 in the U3 region (positions 8345 ± 8378), 5'-AGTCTGGGCCCT-GACCTTTTCAGACTTCTGTTTC-3'. After 33 cycles of ampli®cation, PCR products were analysed on a 1% agarose gel containing ethidium bromide. TLOm-1 cells were used as a positive control that contain one copy of the integrated HTLV-1 provirus (Sugamura et al., 1984 ) (a gift from Dr K Sugamura, Tohoku University, Sendai, Japan).
Preparation of S. stercoralis antigen
Preparation of the ®lariform larvae (infective larvae) of S. stercoralis and soluble larval antigen was done as described (Sato et al., 1985) . Brie¯y, the ®lariform larvae were washed six times in phosphate-buered saline (PBS) and homogenized in PBS, using a Te¯on homogenizer. The homogenates were stirred for 15 h at 48C and centrifuged at 8000 g for 30 min. The supernatant was passed through a 0.45 mm ®lter (Gelman Sciences, Ann Arbor, MI, USA) and stored at 7708C until use. The protein concentration was determined using a protein assay kit (Bio-Rad Lab., Richmond, CA, USA).
IL-2 assay by ELISA
PBMC was isolated from six disease-free volunteers. Cells were washed in RPMI 1640 medium with 10% fetal calf serum and cultured in a 0.2 ml volume at a density of 1610 6 cells/ml. PBMC samples were stimulated with S. stercoralis antigen at a concentration of 20 mg/ml. As a negative control, human serum albumin (HSA) (20 mg/ml) was used, and stimulation by a combination of phytohemagglutinin (PHA) and 12-O-tetradecanoylphorbol 13-acetate (TPA) was included as a positive control. Culture supernatants for IL-2 assay were harvested at 48 h. Concentrations of IL-2 were measured using a commercial kit (Human Interleukin-2 Enzyme Immunoassay Kit; Cayman Chemical, Ann Arbor, MI, USA).
Cell growth assay
Two IL-2 dependent human T cell lines, Sez and Tax1-B, were used in the assay. Sez cell line , a kind gift from Dr M Maeda at Kyoto University, was cultured in RPMI 1640 supplemented with 10% FCS and 10 ng/ml of IL-2. The Tax1-B cell line is a kind gift from Dr T Akagi at Osaka Biomedical Institute, and was established by infection with Tax expressing retrovirus vector (Akagi et al., 1995) . Tax1-B was cultured in AIMV supplemented with 10% FCS and 10 ng/ml of IL-2. Triplicate cell culture was started using 2610 4 cells per well in a volume of 0.1 ml with or without IL-2. In some of the wells without IL-2, S. stercoralis antigen (20 mg/ml) or HSA (20 mg/ml) was added. Viable cell number was counted for up to 3 days, using Trypan blue.
Neutralization experiments were done using an monoclonal anti-human IL-2 antibody (Genzyme-Techne, Minneapolis, MN, USA) and a control antibody (DAKO Glostrup, Denmark). The antibodies were used at the concentration of 0.1 mg/ml. Viable cell number was counted after 3 days as described above.
Chloramphenicol acetyltransferase (CAT) assay
Reporter gene assays were done using a human T cell line Jurkat and IL-2 promoter-CAT plasmid (Macchia et al., 1990 ) (a gift from Dr G Macchia at Sclavo Research Center, Siena, Italy) or IL-2Ra promoter CAT (Leung and Nabel, 1988 ) (a gift from Dr K Leung at University of Michigan Medical Center, Ann Arbor, MI, USA). pRSV55 Tax is an expression plasmid of Tax (Fujisawa et al., 1989) , a transcriptional trans-regulatory protein of HTLV-1, and served as an eector control. Using 5610 6 cells, 25 mg of IL-2-CAT plasmid alone, or with 10 mg of the Tax expression plasmid, were transfected by electroporation (Langridge et al., 1987) using a Gene Pulser (Bio-Rad Lab.) for assays of IL-2-CAT. The DEAE method was used for assays of IL-2R-CAT using 2610 6 cells per each transfection, as described elsewhere (Tatewaki et al., 1995) . The amounts of plasmids were 5 and 1 mg of IL-2R-CAT and pRSV55Tax, respectively. After 24 h, S. stercoralis antigen was added to the culture medium at the concentration of 30 mg/ml. After 48 h of culture, cells were harvested and CAT activity was measured, as described. Equivalent expression of transduced Tax protein was con®rmed by immunoblotting of the whole cell lysates. Immunoblotting was done basically as described (Mori et al., 2000) , using an anti-Tax monoclonal antibody Lt-4 (Tanaka et al., 1990) and an anti-a-tubulin antibody (Oncogene Research Products, Boston, MA, USA) as the primary antibody.
Statistical analysis
The statistical signi®cance was analysed by Mann ± Whitney U-test. The Spearman's rank correlation coecient was used to describe the association between dierent variables.
